A study was conducted to investigate the effects of a synthetic or natural antioxidant and fat saturation, in a standard feedlot diet, on fatty acid composition and oxidative stability of lamb. The four dietary treatments consisted of the same basal diet providing 187 g crude protein (CP), 355 g neutral detergent fibre (NDF), and 71 g ether extract (EE) per kg dry matter (DM), differing in fat source (30 g/kg of either saturated beef tallow or unsaturated soybean oil) and type of antioxidant included (125 g/t of either a synthetic or natural antioxidant). Eighty four S.A. Mutton Merino lambs weighing 27.6 ± 1.7 kg were divided into four groups and randomly allocated to four dietary treatments (n = 21 lambs/treatment) subdivided into 7 replicates/treatment (n = 3 lambs/replicate). After an adaptation period of 8 days, all lambs received complete diets for a further feeding period of 41 days. At termination of the study, seven lambs per treatment, weighing 45.1 ± 3.0 kg, were randomly selected and slaughtered. Loin chops from each carcass were used for fatty acid, colour (a * values) and thiobarbituric acid reactive substance (TBARS) analysis. Meat colour was determined on days 0 and 7 after being stored at 4 ºC under fluorescent light. The malonaldehyde content per kg meat was determined on days 0, 7 and 90 after being stored at -18 ºC in the dark. It was found that dietary treatment had no effect on colour stability as depicted in a * values. The malonaldehyde content per kg meat was higher on days 0 and 90 for the unsaturated soybean oil treatment. Beef tallow inclusion resulted in an increase in palmitoleic acid, where soybean oil inclusion resulted in an increase in linoleic and α-linolenic acids in both lean and subcutaneous fat tissue. Natural antioxidant inclusion in the diet only increased the palmitoleic acid content of subcutaneous fat. The results suggested that the fatty acid profile of lamb meat can be favourably manipulated by the source of fat included in the diet.
Introduction
In the last few decades there has been increasing interest in supplementary lipid sources in ruminant diets to increase the energy density of these diets and to improve the dietetic quality of the carcass and other ruminant products (Bauchart et al., 1996) . Due to this demand, there has been an increased interest to find suitable and natural ways to positively manipulate the fatty acid composition of red meat (Wood et al., 2003) .
Polyunsaturated fatty acids (PUFA) are perceived to be beneficial for human health as it decreases the possibility of coronary heart disease and type 2 diabetes (Wood et al., 2003) . Despite lipid biohydrogenation, a proportion of dietary PUFA bypasses the rumen intact and is available for absorption and subsequently Copyright resides with the authors in terms of the Creative Commons Attribution 2.5 South African Licence.
See: http://creativecommons.org/licenses/by/2.5/za/ Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and the South African Journal of Animal Science deposition in muscle and adipose tissue (Wood et al., 2008) . The susceptibility of muscle tissue to lipid oxidation depends on a number of factors, the most important being the level of PUFA present in the particular muscle system (Buckley et al., 1995) and antioxidant levels (Jensen et al., 1997) . In meat, mono unsaturated fatty acids (MUFA) are more resistant to oxidative modification than PUFA (Frémont et al., 1998) . The increasing preference for natural foods has pushed the food industry to include natural antioxidants in various products to delay oxidative degradation of lipids, improve quality and nutritional value of foods, and replace synthetic antioxidants (Velasco & Williams, 2011) . Flavonoids are secondary plant metabolites derived from phenylalanine and acetyl co-enzyme A (Winkel-Shirley, 2001), which acts as an antioxidant (Ross & Kasum, 2007) . The use of these naturally occurring bioflavonoids in animal diets is one of the most promising steps in improving meat quality because of its antioxidant properties.
The colour of meat is seen as the most important factor in purchasing decisions (Mancini & Hunt, 2005) . This also applies in beef (Killinger et al. 2004) . One way of improving colour and fat stability of meat, other than adding antioxidants directly to meat (Resconi, 2007) , is to include antioxidants in animals' diets (Ripoll et al., 2011) . Meat quality can be improved by incorporating natural antioxidants to animal diets, adding these compounds onto the meat surface, or by using active packaging (Velasco & Williams, 2011) .
The aim of the study was to determine the effects of a bioflavonoid antioxidant and fatty acid saturation in a standard feedlot diet on oxidative stability and fatty acid composition of muscle and fat tissue of lamb meat.
Materials and Methods
Eighty four S.A. Mutton Merino lambs weighing 27.6 ± 1.7 kg were divided into four groups; each group was randomly allocated to one of four dietary treatments (n = 21 lambs/treatment). Each group of animals was further subdivided into seven replicates of three lambs per replicate. The four dietary treatments consisted of the same basal diet (187 g CP-, 355 g NDF and 71 g EE/kg DM) only differing in the fat source (30 g/kg of either saturated beef tallow or unsaturated soybean oil) and type of antioxidant included (synthetic antioxidant included at 125 g/t according to the supplier, and a natural antioxidant also included at 125 g/t to match the level of the synthetic antioxidant for a direct comparison). The synthetic antioxidant contained a combination of butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ethoxyquin, and trisodium citrate. The natural antioxidant is a poliphenolic plant extract containing bioflavonoids (cathecin and gallo-catchecin) and pro-anthocyanidins (which generate the anthocyanidins delfinidin, robinetidin and fisetidin).After an adaptation period of 8 days, all lambs received full rations for a feeding period of a further 41 days.
At termination of the study, seven lambs per treatment, weighing 45.1 ± 3.0 kg each, were randomly selected and slaughtered. One loin chop from each carcass was overwrapped with oxygen-permeable polyvinyl chloride (PVC) meat stretch wrap in polystyrene trays and stored for 7 days at 4 ºC under fluorescent light for fresh meat stability studies. Meat colour (a * values) was determined on days 0 and 7 post mortem. A second loin chop was vacuum sealed and stored for 90 days at -18 ºC in the dark for frozen storage stability studies. A 5 g sample of muscle tissue was then removed from the middle of each loin chop on days 0, 7 (stored at 4 ºC) and 90 (stored at -18 ºC) to determine the thiobarbituric acid reactive substance (TBARS; mg malonaldehyde/kg meat) content using the aqueous acid extraction method of Raharjo et al. (1992) . Total lipid from muscle and subcutaneous fat samples were quantitatively extracted according to the method of Folch et al. (1957) using the third (day 0) loin chop. The extracted fat was stored in a polytop (glass vial, with push-in top) and frozen at -20 ºC under a blanket of nitrogen pending fatty acid analyses. The data was subjected to PROC ANOVA and analysed according to a 2 x 2 factorial arrangement of treatments and tested for significant differences using the General Linear Model (GLM) procedures of the SAS program (SAS, 1999). Tukey's honest significant difference (HSD) test was used to identify significant differences (P <0.05) between treatments.
Results and Discussions
All procedures conducted during this study were approved by the Interfaculty Animal Ethics Committee for Animal Experimentation at the University of the Free State (Animal Experiment No. 04/2010). The effect of dietary antioxidant and fat source on the fatty acid content of muscle and subcutaneous fat tissue of S.A. Mutton Merino lambs is presented in Table 1 . Only the major fatty acids that differed significantly were included.
The inclusion of saturated tallow resulted in a higher (P <0.05) favourable palmitoleic acid (C16:1c9) content of both muscle and subcutaneous fat tissue, while unsaturated soybean oil had a similar response (P <0.05) on the favourable linoleic-and α-linolenic fatty acid content of the same tissue (C18:2c9 and C18:3c9, respectively). The MUFA content of the muscle tissue increased (P = 0.0112) within the tallow treatment, following the same trend as palmitoleic acid. According to Demeyer & Doreau (1999) ruminant lipid composition reflects the rumen metabolism of dietary fatty acids. As a consequence of this, the fatty acid composition of ruminant meat are mainly saturated and monounsaturated (Wood et al., 2008) . However, the PUFA content of both muscle and subcutaneous fat tissue increased (P <0.05) with unsaturated soybean oil inclusion. This is in agreement with Aurousseau et al. (2004) who stated that the fatty acid composition of muscle and adipose tissue is mainly influenced by the fatty acid composition of the feed.
The type of antioxidant had little effect on the fatty acid composition of lamb muscle and subcutaneous fat tissue (Table 1 ) except for the exception of palmitoleic acid that increased (P <0.01) within the subcutaneous fat layer, following the inclusion of the natural antioxidant. The effect of dietary antioxidant and fat source on the malonaldehyde content and colour (a* values) stability of S.A. Mutton Merino lamb muscle tissue is presented in Table 2 . Oxidative stability and colour of lamb meat did not differ between antioxidant treatments. In contrast, the unsaturated soybean oil treatment resulted in a lower oxidative stability within the muscle tissue of loin chops (P <0.05) measuring a higher malonaldehyde content/kg of meat on day 0 and 90. This could be attributed to the fact that the higher level of polyunsaturated fatty acids present in the muscle tissue (Table 1) increased its susceptibility to lipid oxidation (Buckley et al., 1995) . Dietary fat source did not affect (P >0.05) the colour of lamb meat as observed on day 0 and 7. 
Conclusions
Results indicated that the fatty acid profile of lamb meat can be favourably manipulated, i.e. lower palmitoleic-and higher linoleic-, α-linolenic-and PUFA by the inclusion of an unsaturated lipid source (soybean oil) in the diet. However, unsaturated fat in the diet resulted in a lower oxidative stability of lamb muscle tissue with no effect on colour stability (P >0.05). With the exception of a higher palmitoleic acid content in subcutaneous fat tissue of lambs fed the bioflavonoid antioxidant, the type of dietary antioxidant seems not to affect the fatty acid composition and oxidative stability of lamb meat.
